A new eco-friendly strategy for the preparation of linear and hyperbranched polycarbonates was developed.
Introduction
Hyperbranched polymers (HBPs) have attracted signicant attention in recent decades due to their unique three-dimensional highly branched topologies and their chemical and physical properties. [1] [2] [3] [4] [5] [6] [7] [8] The concept of hyperbranched polymerization was presented by Paul J. Flory in 1941. 9 Compared to the preparation of dendrimers, hyperbranched polymers are usually synthesized in one-pot reactions. 2, 7 A hyperbranched polymer is composed of three types of structural units: dendritic units (D), linear units (L) and terminal units (T). The dendritic and linear units are randomly located in the polymer frameworks, while the terminal units are always placed at the terminals.
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However, most intensively investigated hyperbranched polymers terminated with OH-groups are polyethers (e.g., polyglycerol) [11] [12] [13] and polyesters (e.g., based on 2,2-bis(hydroxymethyl) propionic acid). 1, 14, 15 Their medical applications are limited because they are non-degradable or have poor biocompatibilities. 16, 17 In past decades, aromatic polycarbonates have been widely used as engineering plastics 18, 19 because of their attractive mechanical properties, e.g., low moisture absorption, high impact strength, high elastic modulus, creep resistance and good thermal stability. Compared to traditional aromatic polycarbonates aliphatic polycarbonates received little interest because of their poor thermal stability and high susceptibility to hydrolysis. 18, [20] [21] [22] [23] [24] [25] In recent years, aliphatic polycarbonates have attracted signicantly increasing attention for biomedical applications, e.g., for the construction of biomedical implants and as drug delivery devices, due to their biodegradability, low toxicity and good biocompatibility. 18, 24, [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] Although aliphatic polycarbonates are advantageous for use as biomaterials, there are still only a few papers concerning hyperbranched polycarbonates (HBPC). 7, 17, 36 HBPCs made via the polycondensation of aromatic A 2 B or AB 2 monomers have been reported by Bolton and Wooley. 37, 38 Recently, Nishikubo et al. reported similar aromatic HBPCs with M n up to 7000 g mol À1 by an A 2 + B 3 polycondensation using di-tert-butyltricarbonate (DBTC) and 1,1,1-tris(4-hydroxyphenyl)ethane as the A 2 and B 3 monomers.
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Zhuo et al. developed a catalyst-free method to synthesize aliphatic HBPC based on 5-ethyl-5-hydroxymethyl-1,3-dioxan-2-one via ring-opening-polymerization (ROP). 17, 39 Parzuchowski et al. described the synthesis of HBPC from 5-(4-hydroxybutyl)-1,3-dioxan-2-one and its application. monomers, which are very expensive due to their low synthetic yields, are the basic premise of the synthesis of HBPCs via ROP. [40] [41] [42] The best strategy for large-scale preparation of aliphatic HBPCs is the condensation polymerization of dimethyl carbonate (DMC) and aliphatic triols. DMC is a nonpetroleum-based and eco-friendly and has low toxicity (1000 times less than phosgene). Hence, it is an ideal candidate instead of phosgene or diphenyl carbonate (DPC) for the synthesis of polycarbonates. DMC is prepared industrially on a large scale using carbon dioxide and methanol. 40, 43, 44 In our previous work, 45 we successfully prepared linear aliphatic polycarbonates with high molar masses (up to 52 000 g mol À1 ) via a two-step condensation polymerization using organo-catalysts (Scheme 1). In the rst step, the oligomers were synthesized via transesterication from diol and DMC. In the second step, the polymer chains were grown through elimination of methanol or DMC by the transesterication or the reaction between the two methyl carbonate end groups under reduced pressure and at elevated temperature. Unfortunately, the two-step polycondensation for the synthesis of HBPCs did not work due to the very fast gelation in the second step under reduced pressure.
In this work, we report a novel method for the preparation of linear or hyperbranched polycarbonates using a one-pot condensation polymerization. Compared with the traditional two-step method, the polycondensation in this work was carried out at a relatively low temperature and atmospheric pressure, and the methanol byproduct was removed via adsorption on molecular sieve instead of vacuum distillation at high temperature. Moreover, an equimolar amount of DMC was used to avoid waste and the disposal of excess DMC. LiAcac and DMAP were investigated as catalysts for polycarbonates synthesis. The results showed that LiAcac is a more effective catalyst for synthesis of poly(trimethylene carbonate) and hyperbranched polycarbonates, while DMAP is suitable to prepare other linear polycarbonates. The resulting linear and hyperbranched aliphatic polycarbonates were characterized by NMR spectroscopy, size exclusion chromatography (SEC) measurements, differential scanning calorimetry (DSC) and ESI-mass spectrometry. Moreover, the hydrolytic and enzymatic degradation investigations for linear and hyperbranched polycarbonates were evaluated under various conditions as well.
Experimental
Material 1,3-Propanediol (Alfa Aesar, 99%), 1,4-butanediol (Acros Organics, 99+%) and 1,5-pentanediol (Fluka, 96%) were vacuum distilled using a short path distillation apparatus and dried over 4Å molecular sieves (from Merck) before use. 1,6-Hexanediol (Sigma-Aldrich, 99%) was dried under vacuum over night before use. 4-Dimethylaminopyridine (DMAP) (Fluka, >99%) was recrystallized from toluene and dried under vacuum. 1,4-Dioxane (Grüssing, 99.5%) was dried over 4Å molecular sieves before use. 1,1,1-Tris(hydroxymethyl)ethane (Alfa Aesar, 97%) was dissolved in hot tetrahydrofuran, puried by precipitation in n-hexane, and dried under vacuum overnight before use. Dimethyl carbonate (DMC) (Acros Organics, 99+%), lithium acetylacetonate (LiAcac) (Alfa Aesar, 99.5%), cyclohexanedimethanol (Alfa Aesar, 99%), Nphenyldiethanolamine (TCI), dimethylformamide (DMF) (Acros Organics, 99.8%), dimethyl sulfoxide (DMSO) (Acros Organics, 99.7%) and lipase solution from Thermocyces languginosus (Sigma-Aldrich) were available commercially and used as received. The 4Å molecular sieves were dried at 250 C under vacuum overnight and stored in an argon atmosphere. General procedure for the synthesis of linear aliphatic homoand copolycarbonates from different diols and DMC All polymerizations were carried out in a two-necked ask equipped with a pressure-equalized addition funnel lled with 16 g of 4Å molecular sieve, a cold reux condenser and connected to a Schlenk line with vacuum and argon gas lines. The diol(s) (23.4 mmol), DMC, catalyst and 1,4-dioxane were added to the ask under argon atmosphere. The reaction mixture was stirred under reux (approximate oil bath temperature of 120 C) for 72 or 96 h. The mixture was then cooled to room temperature and diluted with dichloromethane. The polymer was isolated via precipitation in methanol and dried in vacuum.
General procedure for the synthesis of HBPCs from different triols and DMC
In a two-necked ask equipped with the above-mentioned apparatus, triol (23.4 mmol), DMC, catalyst and solvent were added under argon atmosphere. The mixture was stirred under reux (approximate oil bath temperature of 120 C) for 2 to 18 h.
The mixture was then cooled to room temperature and diluted with acetone or THF. The polymer was isolated by precipitation in water/methanol (v/v ¼ 9 : 1) or in water and centrifugation and dried in vacuum at room temperature to give a colorless solid.
Polymer analysis for linear and hyperbranched polycarbonates from NMR spectra
The results of the linear polycarbonates analysis based on 1 H and 13 C NMR spectra can be found in the ESI. † The structures of the HBPCs are analysed in the section "Results of the synthesis of HBPC from aliphatic triols" (Fig. 3 and ESI-11 †).
Hydrolytic degradation investigation
In a vial (25 mL, 50 mm Â 30 mm), 90 mg of the polycarbonate sample was dissolved in 5 mL dichloromethane. A polymer lm was prepared via solvent evaporation, and 10 mL samples of buffer solutions with various pH values were added to the dry lm in the vial. The hydrolytic degradation was performed at 37 C or 55 C with gentle stirring. The polymer samples were recovered at various time intervals by ltration, washed with 50 mL water and dried in vacuum at room temperature to a constant weight. The hydrolytic degradation was monitored by the decreases in molar mass and weight. All degradation experiments were carried out in triplicate.
Enzymatic degradation investigation
In a vial (5 mL, 40 mm Â 20 mm), 45 mg of the polycarbonate sample was dissolved in 2 mL dichloromethane. A polymer lm was prepared via solvent evaporation, and 2 mL lipase solution was then added to the dry lm in the vial. The lipase solutions were refreshed every four days to maintain the lipase activity. The enzymatic degradation was performed at 37 C with gentle shaking. The polymer samples were recovered by ltration, washed with 50 mL water and dried under vacuum at room temperature to a constant weight. The enzymatic degradation process was monitored by the decreases in molar mass and weight. All degradation experiments were carried out in duplicate.
Results and discussion
Strategy for a one-pot polycondensation at atmospheric pressure
In a classic two-step polycondensation for the synthesis of polycarbonates, low molar mass oligomers (M n < 1000 g mol À1 )
are obtained in the rst step. In the next step, the polymer chains are extended via transesterication reactions between hydroxyl and methyl carbonate (-OC(O)-OCH 3 ) chain ends or mainly between two methyl carbonate chain ends due to their higher reactivities than the hydroxyl end groups. 40, 44 For this reason, excess DMC (e.g., diol : DMC ¼ 1 : 3)
24 is used in order to obtain oligomers mostly terminated with methyl carbonate groups. Condensation polymerization is then conducted at elevated temperature (170-200 C) and under vacuum to remove the freshly generated major byproduct dimethyl carbonate and minor byproduct methanol to achieve high molar masses.
Here, we developed a new strategy for the preparation of linear and hyperbranched polycarbonates (HBPC) by a one-pot synthesis (Scheme 2). In contrast to a classic two-step polycondensation (Scheme 1), the polymerizations were carried out with equivalent amounts of diol and DMC in bulk or in solution at atmospheric pressure in the presence of basic catalysts. The polymer chains grow by pure transesterication between hydroxyl (-OH) and methyl carbonate (-OC(O)-OCH 3 ) chain ends, and the methanol byproduct was removed using 4Å molecular sieve in a pressure-equalized addition funnel.
Results of polycarbonate synthesis from 1,4-butanediol
Recently, we surveyed various organo-catalysts for the synthesis of linear aliphatic polycarbonates. 44 Among them, DMAP (1 mol% based on diol) showed the best catalytic activity. However, DMAP was not suitable for the synthesis of poly(trimethylene carbonate) (PTMC), leading to side reactions at high temperatures in the one-pot synthesis. Wang and Zheng reported that lithium acetylacetonate (LiAcac) was an effective catalyst for the synthesis of polycarbonate due to its strong Scheme 2 Strategy for the one-pot synthesis of polycarbonates.
coordination with carbonyl groups. According to their results, LiAcac at 0.1 percent by weight based on 1,4-butanediol (0.1 wt%) was also investigated.
In this work, a variety of polymerizations were evaluated to optimize the reaction conditions. Table 1 summarizes the most signicant results of the one-pot polycarbonate syntheses based on 1,4-butanediol (BD). The yields were calculated using eqn (1).
Yield ¼ mass of purified polymer molecular weight of repeating unit mole of diol Â 100%
Initially, to determine the inuence of the temperature and solvent on the molar mass, a number of polymerizations were carried out. DMAP and LiAcac were active for the one-pot synthesis aer a reaction time of 72 h. A number average molar mass (M n ) of 2300 g mol À1 was recorded using DMAP as the catalyst in the bulk (PBC 1), while little product was formed at T > 125 C because of the dominant side reactions. In contrast, LiAcac was more stable than DMAP even at a high temperature of 180 C. The polycondensation using LiAcac was carried out initially at 125 C for 48 h to avoid loss of DMC due to its low bowling point and then stirred at 180 C for another 24 h. The resulting poly(butylene carbonate) (PBC) had a higher molar mass of 6300 g mol À1 and a dispersity of 1.70 (PBC 2).
Solvents with high boiling points, such as dimethyl sulfoxide The last polymer possessed a high hydroxyl end group content of 94%, which could probably be attributed to a small loss of DMC due to the low boiling point. These results indicate that our strategy was effective for the synthesis of PBC, and with the initial feed ratios close to 1.0, the highest M n of the resulting polymers could be achieved. All PBC samples generated at 120 C had high yields (up to 87%) and dispersities below 1.70. Detailed information about the polymerization process was obtained using 1 H NMR spectroscopy (Fig. 1a) . Aer 2 h, the reaction signals from 1,4-butanediol at 1.47, 3.44 and 4.35 ppm decreased due to the formation of poly(butylene carbonate) oligomers, while the methanol side product was detected at 3.21 ppm as doublet signal. Aer 16 and 41 h, the intensities of the signals for 1,4-butanediol and methanol decreased continuously, indicating that the chain growth proceeded and the produced methanol was successfully removed using 4Å molecular sieves. The 1 H NMR spectrum of puried PBC 10 is shown in Fig. 1b . Both the CH 2 -groups in the polymer backbone were detected at 1.77 and 4.15 ppm. The small signals at 3.68 and 3.77 ppm were attributed to terminal butanol groups and methyl carbonate groups, respectively. Moreover, a desorption process of used molecular sieve was conducted aer the polymerization at 150 C in vacuum. 1.52 g methanol were collected, which was close to the expected value (1.59 g at 100% conversion of DMC). Combining the result of the desorption investigation with the kinetic investigation, we conrm that, the generated methanol can be removed successfully from the reaction mixture using 4A molecular sieve.
A typical ESI-ToF-MS spectrum of PBC 9, which had about 95% methyl carbonate end group according to the 1 H NMR analysis, in the m/z region of 400 to 2000 Da is shown in Fig. 2 . The data were processed using Polymerix Soware and peaks were assigned to different series (S1-S6), which are shown in ESI- Fig. 13 and 14 .
The measured m/z of S1 and S2 are compared with calculated values. As shown in Fig. 2 [diol] ratio was adjusted to a slightly higher value of 1.05 : 1. The polymerization temperature was maintained at 120 C and the polymerization time for 1,5-pentanediol and 1,6-hexanediol was extended to 4 days in order to obtain higher molar masses of the resulting polymers. LiAcac was used as the catalyst for the preparation from 1,3-propanediol because when DMAP was used as the catalyst, the polymerization solution changed to dark brown and no polymer was isolated aer purication ( Table 2 , entry 1). Using this method, PTMC with M n of 5200 g mol À1 was generated. When 1,5-pentanediol and 1,6-hexanediol were used as monomers, aer a polymerization time of 4 days, polycarbonates with higher molar masses (M n ¼ 16 000 and 13 000 g mol À1 , respectively) were also obtained, while lower M n of 4400 g mol À1 and 8500 g mol À1 were obtained for PPC and PHC, respectively, aer a polymerization time of 3 days only. For 1,4-cyclohexanedimethanol, polymers with M n of 13 000 g mol À1 formed within 3 days. The polycarbonate based on Nphenyldiethanolamine had a relatively low M n of 4300 g mol
À1
due to its lower reactivity. Conversions were achieved more than 95%, which were calculated according to the Carothers equation from M n . The yields (>70%) were lower than the conversions due to the loss in the purication step. All polycarbonate samples generated in 1,4-dioxane solution possessed relatively narrow molar mass distributions (Đ M < 1.70).
Results of copolymerization from BD mixed with various diols and DMC
Copolycarbonates of BD and different diols were also prepared by the one-pot polycondensation strategy in 1,4-dioxane 
Results of the synthesis of HBPCs from aliphatic triols
Due to fast gelation during the two-step polycondensation, the one-step procedure was applied for the synthesis of HBPCs. Table 4 . Cross-linking phenomenon appeared in the bulk polymerization aer a reaction time of 18 h. Some solid substances precipitated and were not soluble in acetone or THF. The resulting HBPC (acetone soluble part) had a M n of 4400 g mol À1 and relatively broad dispersity (Đ M ¼ 4.87). The cross-linking reaction was attributed to competitive intramolecular transesterication between the hydroxyl end groups and methyl carbonate end groups or polycarbonate backbone at high conversion. When 1,4-dioxane was used as the solvent for the same reaction, the molar masses increased signicantly with narrower molar mass distributions (entries 2-7). Nevertheless, the prolonged reaction times lead to the generation of crosslinked gel products as well. 
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To determine the inuence of the reaction time on the molar mass and cross-linking reaction, a kinetic study was performed (Table 4, The hydroxyl end group (-OH) contents could be calculated from the 1 H NMR spectra by comparing the integration of the hydroxyl and methyl carbonate end groups. For the polycondensation, the OH end group contents were approximately 70% in 1,4-dioxane solution and 81% in bulk. When the feed ratio of THE : DMC was 1 : 1, the OH content increased to 94% but with a lower yield of 25%, because increasing the hydroxyl end group content enhanced the solubility of HBPC in water. Using the same reaction conditions, an HBPC from THP was generated. The polymer formed within 15 h with M n of 9300 g mol À1 , Đ M of 6.89 and OH end group content of 68%. In contrast, a higher yield of 75% was obtained due to the more hydrophobic property of the polymer backbone. The PTHPC spectrum is shown in Fig. SI-11 . † The ne structure of PTHEC was conrmed based on the analysis of the 1 H NMR spectrum. As Scheme 5 shows, a hyperbranched polycarbonate structure consists of dendritic units (D), two linear structures (L) with hydroxyl (L 1 ) and methyl carbonate (L 2 ) side groups, respectively, and terminal units (T) including three possible structures. The terminal unit with two hydroxyl end groups (T 1 ) and a mixture of methyl carbonate and hydroxyl end groups (T 2 ) appeared in the 1 H NMR spectrum, while the two methyl carbonate terminated structure (T 3 ) could be neglected. This follows from the analysis of the 13 C NMR spectrum by comparing the peak integrals of the different structures (Fig. SI-12 †) .
The 1 H NMR spectrum of PTHEC 1 is shown in Fig. 3 . The three signals at 0.79 ppm, 0.88 ppm and 0.96 ppm were attributed to the methyl groups in the T 1 , L 1 + T 2 and D + L 2 structures, respectively. The signals between 3.20 ppm and 3.30 ppm were assigned to the CH 2 OH groups. Two singlet peaks at 3.70 ppm and 3.71 ppm indicated the existence of terminal methyl carbonate groups (OCH 3 ) in the T 2 and L 2 structures, respectively. The peaks between 3.90 ppm and 4.10 ppm corresponded to the CH 2 OC(O)O groups in the Table 4 Results of HBPCs synthesis from triols and DMC using LiAcac as the catalyst (1,1,1-tris(hydroxymethyl)ethyl carbonate) ; PTHPC ¼ hyperbranched poly (1,1,1-tris(hydroxymethyl) propyl carbonate). polymer backbone. Furthermore, the hydroxyl end groups from T 1 with two protons and L 1 + T 2 with one proton were observed at 4.49 ppm and 4.80 ppm as two broad peaks. The calculations of the contents of dendritic (D), linear (L) and terminal (T) units was possible using the following 1 H NMR analysis.
The degree of branching (DB) was calculated using With increasing reaction time, a higher DB was obtained.
Results of thermal properties
As shown in Table 5 , the thermal properties of the synthesized linear and hyperbranched samples were evaluated using DSC measurements. The PTMC, PBC and PPC samples displayed glass transition temperatures (T g ) of À21 to À40 C. The T g decreased as the number of carbon atoms increased in repeating units and can be explained by the increase in chain exibility. PDEAC and PCDMC tended to higher T g of 21 and 31 C, respectively, due to their increasing rigidity from the phenyl side group in PDEAC and the rigid cyclic structure in the PCDMC backbone. By incorporating 20 mol% of a more exible diol (1,5-propanediol and 1,6-hexanediol), with BD the T g of the resulting polymers were decreased to À40 and À45 C, respectively. In contrast, the polycarbonates based on PBC copolymerized with PDEAC and PCDMC have higher T g detected at À23 and À32 C, respectively. The PBC, PPC and PHC samples were semi-crystalline materials with melting points (T m ) of 63 C, 49 C and 55 C, respectively, while the melting points of other homo-or copolycarbonates were not detected, indicating that the polymers were amorphous. For hyperbranched polycarbonates, PTHEC and PTHPC, higher T g of 4 C and À10 C were observed compared to À38 C for PBC sample. In comparison to linear polycarbonates, the T g of HBPCs increased as a result of the large number of hydroxyl end groups in the hyperbranched structure, which lead to increases in polarity. All of the other linear and hyperbranched polycarbonates were also evaluated under the same conditions (at 37 C pH 7.4
for 30 days and 55 C pH 13.0 for 10 days) in order to determine the inuence of polymer structures on the degradation rate. Fig. 4b shows that most of the linear polycarbonate specimens showed no decrease in either weight or molar mass. An exception is that PDEAC lost 8.2 AE 3.5% weight, which is probably attributed to the heteroatom in the polycarbonate backbone. The two hyperbranched specimens presented completely different phenomena. Only 13.0 AE 2.8% weight was recovered for PTHEC, while PTHPC was found to show 86.2 AE 2.1% mass remaining on day 30. The huge mass loss could be ascribed to the more hydrophilic property of PTHEC, leading to the dissolution in buffer solution because of the lack of a methylene group on the side chain in comparison to the PTHPC specimen. Both hyperbranched polymers were cross-linked aer the investigation and did not dissolve in acetone or THF. As shown in Fig. 4c , the degradation rate of the polycarbonates was also strongly inuenced by the polymer structure. For linear polycarbonates under the accelerated condition, the mass losses of PTMC, PBC and PDEAC were 11.9 AE 3.8%, 40.5 AE 8.2% and 40.9 AE 2.1%, respectively, aer 10 days. However, PPC, PHC and PCDMC showed higher stabilities under this condition. The hyperbranched polycarbonate specimens, PTHEC and PTHPC, were cooled to 0 C for several hours aer the degradation to reduce the error in the solubility. No hyperbranched polymer was recovered aer 10 days, indicating that the hyperbranched structure could accelerate the hydrolytic degradation process probably due to its high density of functional groups in comparison to linear aliphatic polycarbonates. Fig. 4d shows the mass and molar mass losses of linear and hyperbranched polycarbonates specimens aer 30 days incubation time using lipase from Thermocyces languginosus (solution from Sigma-Aldrich L0777, $100 000 U g À1 , pH 6.2). All linear polycarbonates except PDEAC showed more or less degradability in the enzymatic degradation investigation. PBC had the fastest degradation rate. Aer 30 days, 58.5 AE 11.4% of the weight had been lost. Enzymatic degradation rates could be signicantly affected by polymer structures. Amorphous PTMC showed only 7.4 AE 0.7% weight loss, which is consistent with previous literature. 48 In contrast, linear polycarbonates with higher crystallinity were degraded more quickly. The degradation rates decreased with the increase of carbon atoms of used alcohols (from PBC to PHC) and with the increase of rigidity (PCDMC). The mass losses of PPC, PHC and PCDMC were found to be 43.2 AE 1.8%, 30.6 AE 11.6% and 4,7 AE 2.6%, respectively. Different from other linear polycarbonates, PDEAC displayed higher stability and lower degradation rate in lipase solution. The possible reason is that the presence of nitrogen atoms in the polymer backbone reduced the lipase activity. Both the hyperbranched polycarbonates showed similar results as hydrolytic degradation at 37 C and pH 7.4. Since signicant losses of mass were observed while molar mass remained constant aer the enzymatic and basic hydrolytic degradations, both the erosion processes must be considered as surface erosion process.
Conclusions
In summary, we developed a universal new strategy for the synthesis of aliphatic linear and hyperbranched polycarbonates. In contrast to the classic two-step polycondensation in melt requiring a high polymerization temperature and high vacuum to remove unreacted monomers and byproducts, in our work, the one-pot polycondensation was carried out in 1,4-dioxane solution and under relatively mild polymerization conditions (T ¼ 120 C and at atmospheric pressure) using DMAP or LiAcac as catalysts. The only side product was methanol, which was removed by using 4Å molecular sieve in a pressure-equalized addition funnel. This study is the rst to report a one-pot polycondensation at atmospheric pressure for the preparation of linear and hyperbranched polycarbonates using dimethyl carbonate (DMC) instead of phosgene. As expected, the polycarbonates were prepared only by the transesterication reaction between hydroxyl and methyl carbonate chain ends. Consequently, a nearly equal molar ratio of diol or triol to DMC was used to reach higher molar masses and avoid wasting excess DMC during the polycondensation. Using this strategy, poly(trimethylene carbonate) (PTMC), poly(1,4-tetramethylene carbonate) (PBC), poly(1,5-pentamethylene carbonate) (PPC), poly(1,6-hexametylene carbonate) (PHC), poly(diethylphenylamine carbonate) (PDEAC) and poly(cyclohexan-1,4-dimethylene carbonate) (PCDMC) were successfully prepared with number averaged molar mass (M n ) up to 16 000 g mol À1 , dispersities below 1.70 and high yields above 70%. Additionally, the hyperbranched polycarbonates based on 1,1,1-tris(hydroxymethyl)ethane (THE) and 1,1,1-tris(hydroxymethyl)propane (THP) were also obtained with M n up to 10 000 g mol À1 , M w up to 64 000 g mol À1 and high OH end group contents approximately 70%. The hydrolytic degradations of the synthesized linear and hyperbranched polycarbonates were evaluated at 37 C and 55 C with various pH values, and the linear aliphatic polycarbonates were relatively stable under acidic to weakly basic conditions even at elevated temperature. In contrast, linear polycarbonates could only be hydrolytically degraded under strongly basic condition (pH 13.0). For the hyperbranched polycarbonates, no polymer was recovered aer 10 days under the accelerated condition (55 C, pH 13.0), indicating that the hyperbranched structure could accelerate the hydrolytic degradation process probably due to its high density of functional groups in comparison to linear aliphatic polycarbonates. Compared with hydrolytic degradation, linear polycarbonates were degraded much faster in lipase solution from Thermocyces languginosus at 37 C. The degradation rates were strongly dependent on polymer structures. Both the enzymatic and basic hydrolytic degradations showed that linear polycarbonate specimens degraded by surface erosion. In addition, this new strategy can theoretically be applied to synthesize other types of hyperbranched polymers, such as polyesters, via A 2 + B 3 condensation polymerization to obtain high molar masses and avoid cross-linking reactions with water or methanol as the byproduct.
